Summary: The reduction of ferricytochrome c with adriamycin in phospate buffered saline (pH 7.4) and alkaline solution was obsereved spectrophotometrically.
Introduction
Adriamycin (ADM) is one of the most potent anticancer antibiotics, but unf ortunately its clinical use is limited by the severe side-effect of cardiotoxicity (Middleman et al, 1971) . Myers et al. (1977) observed the formation of lipid peroxide in cardiac muscle of mice treated with ADM, and suggested that lipid peroxide plays a major role in the development of cardiomyopathy.
Lipid peroxide induced by ADM has been known to be involved in functional disorders (Ogura et al., 1979 ) and membrane destruction (Zimmermann et al., 1973) in mitochondria. Handa and Sato (1975) demonstrated free radical generation by chemicals containing the quinone group in NADPH-microsome system. Recently, Bachur et al. (1979) reported that quinone anticancer agents were activated to free radicals, by NADPH -cyto chrome P -450 reductase.
Free radical formation related to the quinone group cannot explain the carditoxicity of ADM or Daunomycin compared to the more benign analogue, Mitomycin C (Fig. 1 ). In the present paper, the rate of f erricytochrome c reduction is compared among ADM analogues, and the pathogenesis of cytotoxicity is discussed. The reduction was increased markedly in an alkaline pH (Table 1) .
Daunomycin, Aclacinomycin A, and Mitomycin C were examined in order to compare the rate of reduction of cyt. c with the rate of ADM.
The structures of these analogues are shown in Fig. 1 found to reduce cyt. c in the phosphate buffered saline, however, the rate of reduction of cyt. c was less than that of ADM. The rate of reduction decreased in the following order: ADM, Daunomycin, Aclacinomycin A, and Mitomycin C. It is interesting to note that this order correlates with the intensity of cardiotoxicity induced by these antitumor agents.
The hydroxy groups at 6 and 11 positions in ADM (Fig. 1) may interact intramolecularly with the hydroxy residue of R4 and dissociate to ions even in a comparatively lower pH state, such as in phosphate buffered saline.
With Aclacinomycin A, which has hydroxy groups at 1 and 11 positions, the reduction of cyt. c occurred in an alkaline pH, but not in the phosphate buffered saline. Mitomycin C, which has no hydroxy group, did not reduce cyt. c either in the phosphate buffered saline or in the alkaline pH. From these observations, it seems that the number and positions of hydroxy group attached to the benzonoid structure are important for radical formation.
The signal of ESR from ADM dissolved in alkaline solution was found to be stable (Fig. 3) . The ESR signal was g=2.0048, which was assigned to the semiquinone radical (Brandon and Luchen, 1961) . The two p-positioned hydroxy groups of ADM dissociate in alkaline solution and seems to be oxidized by oxygen (auto-oxidation).
It is possible that the ADM is converted to semiquinone radical and the oxygen also converted to superoxide anion radical (O2-) at the same time.
The reduction of cyt. c was not completely inhibited by SOD, as shown in Figs. 2 -B and C. It may be, therefore, that the reduction of cyt. c is involved in this other reaction, in addition to the reaction with O2-. Although conclusive evidence is not available, we may assume that cyt. c in the electron transport system will decrease a semiquinone ESR signal is g=2.0048.
radical which generates O2-. Generally, superoxide is known to be deleterious to tissue (Swartz, 1973) . The cytotoxicity caused by ADM may be explained on the basis of free radical formation within the membrane. To clarify this point, further resarch by the authors is in progress.
At present, a number of questions require further research. Why does ADM cause more severe cardiotoxicity as a sideeffect than Mitomycin C in cancer chemotherapy? Why do ADM and Daunomycin which have two hydroxy groups in their molecular structure cause cardiotoxicity as a side-effect, while Aclacinomycin A does not? A partial answer may lie in the fact that both ADM and Daunomycin have two hydroxy groups (6 and 11) attached to the same benzenoid ring, while Aclacinomycin A has two hydroxy groups (1 and 11) attached to the two different rings. Further investigation is required to confirm this interpretation.
